Highlight: Clipping shortgrass range in Texas at 2-week intervals gave 94% more forage yield than fall harvest. Clipping treatments had little effect on ground cover and plant composition.
On cropped lands, relationships among precipitation, soil water, and yields have been determined, and probabilities for given levels of production have been calculated (Cole and Matthews, 1940; Burnett and Moldenhauer, 1957; Army et al., 1959; Bond et al., 1962) . On range and pasture lands, however, little attention has been given to the effects of precipitation and soil water on plant growth. Rogler and Haas (1947) Oct.
' Means followed by the same letter are not significantly different at 5% level.
harvested, forage was weighed, and subsamples were oven dried and ground through a Wiley mill. Subsamples collected in 1972 were analyzed for total nitrogen, phosphorus, potassium, and magnesium. Nitrogen was determined by the Kjeldahl method, phosphorus by the method of Kamphake et al., (1967) , and potassium and magnesium by atomic absorption spectrophotometry.
Gravimetric soil moisture measurements were made at the beginning of the growing season, after each rain of 0.50 inch or more, and after each harvest. Soil samples were taken in 6-inch increments to 2 or more feet. Depth of sampling depended on moisture penetration. One sample was taken at the upper end and another at the lower end of each plot.
Six plots receiving two treatments, clipped to 1 inch every 2 weeks and clipped to 1 inch in October, were instrumented for runoff measurements.
Runoff was measured with FW-1 water stage recorders through 0.8-ft-deep HS flumes (U.S. Dep. Agr., 1962 4, 3, 6, 2, 4, and 4 in 1967, 1968, 1969, 1970, 1972, and 1973 
Results and Discussion
Conditions during the first 7 years of the study (through 1972) were typical, in that there was little winter rainfall, the soil was seldom wetted below 12 inches and never wetted below 18 inches, and weed growth was sparse. However, in 1973, pre-season rainfall was much above average, the soil was wetted to 4 feet at the beginning of the growing season, and early-season weed growth was abundant.
Also, ground cover and botanical composition data were not collected in 1973. Although 1973 was atypical and data for that year are incomplete, 1973 results are important because they show the effects of stored soil water. Therefore, 1973 data are presented separately.
Yield data for 1967 through 1972 are given in Table 1 . Clipping to 1 inch at 2-week intervals gave highest yields in all years. This treatment gave significantly higher yields than any other treatment for the 5-year period and in 2 of the 5 individual years. Clipping at 1 inch twice per season, in July and October, gave yields approaching those on the highest yielding treatment.
The other two treatments gave much lower yields. Clipping annually in October simulated winter grazing of forage (Klipple and Costello, 1960) . Compared with clipping at 2-week intervals, harvest at the end of the season gave about 48% less dry matter yields. Clipping has been shown to increase forage yields of some species (Drawe et al., 1972) but yields of blue grama have been decreased by clipping (Dodd and Hopkins, 1958; Reed and Dwyer, 1971) . In this case, the lower yield from the single October harvest appeared to be more a result of decomposition and disappearance of forage produced earlier in the season than of increased growth with clipping or decreased growth with delayed In 1973, early-season weight loss with delayed harvest was more severe than that in other seasons (Table 2) . However, weeds constituted 56% of the dry matter produced at the first harvest. The principal broadleaf weed was peppergrass (Lepidium densiflorum), and the principal annual grass was little barley (Hordeum pusillum).
Yields of the three components are given in Table 2 . Cool season annual weeds began growth early and used much soil water before the native grasses started growing. Weeds matured early, and plots first harvested in July yielded only 45% as much dry matter as those harvested earlier. Part of the lost material was unpalatable broadleaf weeds; however, little barley is palatable when it is immature and at least some of the native grass forage was lost, since plants were dormant from June 14 to harvest on July 26. Mineral composition data also emphasize the desirability of using the forage during the growing season. Percent composition and yield of nitrogen, phosphorus, potassium, and magnesium data for 1972 are given in Table 3 . Mineral constituent levels in young unweathered forage remain relatively constant during the growing season, but decline in aging and weathered tissue. Although levels of these constituents normally decline with plant maturity, much of the loss seemingly results from leaching of the constituents from dried tissue. Rainfall after drought periods results in new Clipping to 1 inch every 2 weeks did not reduce ground cover (Table 4) or percentage blue grama in the stand (Table 5 (Table 5 ). Compared to l-inch clipping, the lighter utilization under 2-inch clipping had little effect on plant vigor as measured by ground cover (increased 2 years) and botanical composition (no effect). However, yields on the 2-inch clipping treatment were more competitive with those on the 1 -inch treatment in 1970 and 1972 than they were in the preceding seasons. This may be a manifestation of the often-noted situation where relatively heavy use shows a production advantage for several years, after which the stand responds to moderate treatment.
Water Plant-Growth Relationships
Annual and growing season precipitation and runoff (April through September) for the 8 years are presented in Table 6 . inches of water (4.91 inches of soil water + 2.14 inches precipitation) had been used in producing 1,950 lb dry matter, giving an average water-use efficiency of 277 lb dry matter per acre-inch of water. For the period between harvests (May 23-June 14) when 342 lb dry matter was produced, water-use efficiency was 37 lb per acre-inch.
Although these data are from only one year, they illustrate the course of events when stored soil water is appreciable early in the season. Cool season annual weeds use much soil water before native grasses start growth. Early weed control might conserve stored soil water; however, our data show that water use between May 25 and June 15 was the same on all plots even though some treatments were clipped on May 25. Although 1967, 1968, 1969, 1970, and 1972, respectively.- 
